Abstract The unbalanced international scientific collaboration as cause of misleading information on the country's contribution to the scientific world output was analyzed. ESI Data Base (Thomson Reuters' InCites), covering the scientific production of 217 active countries in the period 2010-2014 was used. International collaboration implicates in a high percentage (33.1 %) of double-counted world articles, thus impacting qualitative data as citations, impact and impact relative to word. The countries were divided into three groups, according to their individual contribution to the world publications: Group I (24 countries, at least 1 %) representing 83.9 % of the total double-counted world articles. Group II (40 countries, 0.1-0.99 % each). Group III, 153 countries (70.5 %) with \0.1 % and altogether 1.9 % of the world. Qualitative characteristics of each group were also analyzed: percentage of the country's GNP applied in R&D, proportion of Scientists and Engineers per million inhabitants and Human Development Index. Average international collaboration were: Group I, 43.0 %; Group II, 55.8 % and Group III, 85.2 %. We concluded that very high and unbalanced international collaboration, as presented by many countries, misrepresent the importance of their scientific production, technological and social outputs. Furthermore, it jeopardizes qualitative outputs of the countries themselves, artificially increasing their scientific impact, affecting all fields and therefore, the whole world. The data confirm that when dealing with the qualitative contribution of countries, it -016-2126-8 is necessary to take in consideration the level of international cooperation because, as seen here, it can and in fact it does create false impression of the real contribution of countries.
1997) and the resultant publications receive higher consideration (Van Raan 1988) or, in other words, publications resulting from international collaboration produce ''more positive effects on the quality of the output when compared to research without collaboration'' (Abramo et al. 2009 ). Other authors made similar observations (Meneghini 2010; Tahamtan et al. 2016; Meneghini et al. 2008; Akre et al. 2011; Leite et al. 2011) . Concerning to this, Smith et al. (2014) studying journal placement and citation performance of articles, observed that ''the relative success of articles can be holistically assessed, yielding new insights into the scientific impact of individual countries and cross-national collaboration''. As a consequence, it can be concluded that international collaboration produces a number of benefits for participating researchers ''that ultimately translate into greater scientific visibility, quality and impact''. In fact this has been shown by several authors (Van Raan 1988; Martin-Sempere et al. 2002; Barjack and Robinson 2007; Bozeman and Corley 2004) allowing to conclude that ''international collaboration produces real and remarkable results in the scientific performance of research groups'' (Abramo et al. 2009; Gevers 2014) . Actually, the subject of cooperation can be considered an international enterprise (Van Raan 1997) . This is especially true when it includes highly productive scientists from the most developed countries. In such cases there is a great chance that articles will be published in a journal with a higher impact factor, thus resulting in significant increase in citations and thus of the impact of the publication (Katz and Martin 1997; Abramo et al. 2009; Smith et al. 2014) . This phenomenon has to do with the known effect of authors' affiliation (Akre et al. 2011 ). On the other hand for the less developed countries international collaboration is based in the concept assumed by funding agencies and policy makers that it is ''a good thing'' that ''should be universally encouraged'' (Katz and Martin 1997) . Furthermore, it is well known that the number of published articles in a specific field depends on the size of the scientific community of that area or field (Gaffriau and Larsen 2005) . This has been shown by Smith et al. (2014) , who analyzed eight different disciplines in relation to two categories of indicators: journal placement and citation performance. They found that those disciplines ''with more countries in their affiliations performed better in both categories''. In other words, the size of the scientific production is related to the sum of all countries' researchers working on a particular area or field which represents the total world production in that field, as observed by Bornmann et al. (2012) . On the other hand, other indicators, such as individual counting of articles, total citations, the impact and international cooperation level, as well as other qualitative science-derived issues are dependent of other unrelated factors. Of particular interests in this aspect is the proportion of collaborative articles resulting from co-authorship among researchers from different countries, especially in the case of countries with a small number of published articles, which reflects in an insignificant quantitative and, even less, qualitative contribution to the world scientific output.
Concerning the contribution of the 217 countries to the world output, one can find that by counting the number of documents country by country there is an 1.33-fold increase in the number of counted articles as compared to the amount of documents effectively published by the whole world. The difference accounts for the double-counting effect due to publications produced in co-authorship by authors from two or more countries. In such cases, documents produced by each country in collaboration with other countries will be counted at least twice. As pointed before (Beys-da-Silva et al. 2014 ) the double-counting trait is derived from the fact that whenever a publication includes cooperation between or among researchers linked to two or more institutions, countries or fields of knowledge, these articles will be counted more than once (Almeida and Guimarães 2013) . Doublecounting is inherent to the bibliometric measures of scientific production of the countries, research fields and institutions. In our study we identify it as a trait related to high number of articles resulting from international collaboration, especially from the less productive countries with the more developed ones.
Here we show that international collaboration may have an unconstructive influence affecting directly the usefulness of the scientific impact when such collaboration involves countries with very small number or articles and thus a low scientific output. Actually, a great number of countries still present a very low scientific out put, and the doublecounting feature ''masks'' the real importance of their genuine contribution to the advance of the world science and may hinder the development of each of these countries. Thus, studies ignoring the factors affecting bibliometric indicators, such as unbalanced scientific collaboration and contribution of double-counting to high impact, often induce a biased analysis of the relevance to the world of countries with lower scientific output. In fact this is a common fault that must be avoided when such scientometric analyses are made. Thus, it is important to know the dimensions of these distortions because they can and in fact, they do introduce bias in the bibliometric analysis of science output, especially when comparing countries and subject areas of research. In this work we compare the data of both indicators, that is to say, with and without considering double-counting.
An expected benefit of international collaboration among countries could be attributed to the expectation of knowledge transfer (Katz and Martin 1997) , actually as mention by the authors ''Collaboration is one way of transferring new knowledge, especially tacit knowledge''. However as shown here, this seems not to be occurring in the cases of unbalanced collaboration as identified in our study. Although several studies dealing with international collaboration have been published little attention has been given to the deleterious effect of excessive co-authorships among researchers from the most developed countries and that of authors from undeveloped countries.
In the present work we aimed to explore the deleterious influence of unbalanced levels of international collaboration to the world's scientific indicators. Such problem expressed as double-counting of articles, involves a large number of countries with very little proper and autonomous scientific production. The observed situation creates an illusory level of scientific performance, which resulted from the unbalanced collaboration between authors from these countries with the authors from more productive ones. Another aspect concerning science development is how it relates to long term prosperity, welfare and competitiveness. This study also shows some relationships implicating these indicators.
Methodology
In this work we used the qualitative and quantitative bibliometric indicators with the purpose of evaluation of the contribution of the countries in the world scientific production. The InCites' Data Base (Thomson Reuters, Philadelphia, USA, available online through the Portal of Periodicals offered by Fundação Coordenação de Aperfeiçoamento de Pessoal de Nível Superior, CAPES, Brazil) was used as the source of scientific data. The InCites' Data Base provides scientific information of countries, institutions, and individuals as well as to the various areas of knowledge. This extensive Data Base allows its use for both quantitative and qualitative assessment of information covering all scientific areas, including the humanities and social sciences. Here the data of publications in referred journals, including: Number of published documents, Percentage of World Articles, Citations, Impact, International Collaboration Index (ICI) and the Impact Relative to World (IRW), were extracted. Data analysis allowed the acquirement of each country's productivity index, enabling comparisons on the national and international levels.
The specific data concerning scientific production used in this analysis were obtained by assessing in the InCites' Data Base: (1) Essential Science Indicators (ESI) composed of 22 large areas covering in brief, all the major scientific fields; (2) Web of Science (WoS) containing 251 categories of sub-areas, fields or research themes derived from the 22 scientific great areas of ESI. In both cases, data from Social Sciences and Humanities were included. The number of documents corresponding to the total of articles, conference papers and reviews published in the 5-year period 2010-2014 were extracted for further analysis. Data were obtained from the Global Comparisons Option-National Comparison Report, designed to measure the performance of the countries and institutions in selected areas of research. The search of all data were reviewed and analyzed from May to November 2015. Counting the number of publications from countries was made carefully taking in consideration the problems arising when such scores are searched (Gauffriau et al. 2007; Larsen and Von Ins 2010; Beys-da-Silva et al. 2014 ). These problems are related to the occurrence of double-counting of scientific literature, when comparing the production of different countries, institutions and/or fields of knowledge. This is due to the origin of each publication when it results from the cooperation between researchers connected to two or more countries, institutions or different areas. In these cases, the article will be counted more than once.
The bibliometric indicators used in this study were extracted or calculate from InCites' Data Base as described below:
(a) Countries distribution: The 217 countries were divided in three groups according to their scientific contribution to the word's total in the period 2010-2014: Group I includes the countries that have produced individually at least 1 % of the word's articles in the period; Group II is composed of other countries each one producing from 0.1 to 0.99 % of the world sum; Group III is composed of countries with \0.1 % individual contribution to the world total. (b) Number of documents: Sum of the number of documents published as full articles, conference papers and reviews of a selected area or country. Results and discussion Double-counting effect in the world' scientific production
In the period 2010-2014, the 217 countries listed in the Thomson Reuters' InCites Data Base produced a total of 6,811,602 articles. However, considering the individual country by country contribution, the sum reaches a total of 9,064,873 articles ( Table 1) . The difference accounts for the double-counting effect due to publications produced in coauthorship by authors from two or more countries. Here the additional counting of 2,253,271 articles represents an increase of 33.1 % in the amount of articles listed. In this work, counted articles for each country includes the publications resulting from international collaboration. Unfortunately due to the large numbers of articles and countries in this study, fractional counting as recommended by Gaufrial and Larsen 2005, could not be applied here. As pointed above, the double-counting trait is derived from the fact that whenever a publication includes cooperation between or among researchers linked to two or more institutions, countries or fields of knowledge, the article will be counted more than once. Double-counting is inherent to the bibliometric measures of scientific production of the countries, research fields and institutions because of the steady increase of international scientific collaboration. In our study, this feature appears in the high number of articles resulting from international collaboration especially from the less productive countries together with more developed ones (see below). Thus, it is important to know its dimension because it can and in fact, it does introduce bias in the scientometric analysis of science output, especially in cases of comparisons of countries and subject areas of research. In this work we compare the data of both indicators, that is to say, with and without doublecounting.
Double-counting effect in the scientific fields Table 1 lists the world scientific production in the 22 great areas of ESI (Thomson Reuters Data Base) in the 5 years period 2010-2014. As mentioned above, 217 countries are engaged in scientific research and publication worldwide. The question arisen from this information is: What is the contribution of each country to the production of new knowledge in each of these 22 areas and in more than 200 specific scientific fields? As shown in Table 1 all countries are developing research in the whole spectrum of scientific activities. Space Science is the area with the minimal number of publishing countries, 134, whereas Social Sciences congregated the maximal number, 208 countries, publishing in this area. As an average 182 countries are involved in publications of all scientific fields. This means that most countries, no matter how developed they are, produce scientific articles in several areas and specific fields. It is then important to know how much of such production derived from the effort of having a proper system for stimulating scientific development and what fraction represents a casual participation of the countries in these publications. In this context it is important to discriminate types or levels of international scientific cooperation, in which a country can behave as an active or passive agent. Here we show that the quantification of double-counting articles can indirectly indicate the proportion of country's participation in the publications of a particular field. 
Double-counting effect in the scientific production of countries
As happen with the observed dispersion of the scientific production among the areas of knowledge seen in Table 1 , a similar situation is detected when such distribution is considered for the 217 countries. Table 2 shows the distribution of all 217countries into three different groups, according to their contribution to the world production. Group I includes the most productive countries which individually contributed at least with 1 % for the world total. The 24 countries in Group I represent 11.1 % of the world countries but published 7,605,317 articles or 83.9 % of the total double-counted world scientific production. Group II is composed of 40 other countries and accounts for 18.4 % of the total countries, each one producing from 0.1 to 0.99 % of the world sum, thus making a total of 1,285,850 (14.2 %) of the articles' total. Group III is composed of 153 countries (70.5 % of the total) with \0.1 % individual contribution, representing altogether 173,706 articles (1.9 %) of the world scientific output ( Table 2 ).The Table also presents other qualitative characteristics of each country's groups indicating the average data for: the impact, impact relative to world (IRW), percentage of cited articles, International Collaboration Index (ICI), percentage of the Country's GNP applied in R&D and the proportion of Scientists and Engineers per million inhabitants. As shown in Table 2 , several of these qualitative indicators reflected characteristics of the three groups and they will be better explored in the analysis of the country's groups presented below. Table 3 lists the 24 countries belonging to Group I and presents their scientific output in the period 2010-2014, in all areas and scientific fields of knowledge. Similarly, as compared to Table 1 , the countries of Group I produced most publications of the total computed for each of the 22 great areas (data not shown). Thus, in this work we named Group I as the most productive countries. Table 3 presents, besides the quantitative data of the countries, their Human Development Index (HDI). The Impact of the publications from these 24 countries varies from 9.8 (Switzerland) to 3.1 (Russia and Turkey) with an average index of 6.4 which is substantially higher than that of the world's average (5.1).The International Collaboration Index (ICI) of countries in Group I varies from 69.1 % (Switzerland) to 20.0 % (Turkey) being the average (43.0 %) much smaller than the world's average (60.2 %).This last value is highly influenced by the high proportion of international collaboration (85.2 %) of the countries in Group III (Table 2) .Actually in Group I only four countries (Switzerland, Belgium, Denmark and Sweden)have ICI higher than the world's average. As compared to countries with very high impact consequent to an extremely high ICI (see Table 6 ), countries of Group I, though having relatively high scientific impact, do not show such a strong correlation with ICI. In fact several countries of this group show the lowest ICI values among all countries. This indicates that some countries of Group I, due to their scientific leadership, possess and actively offer attractive conditions for international cooperation with other countries. Due to their sizeable scientific production, this condition does not affect significantly their ICI. On the other hand, this situation works the other way around for the countries with very small scientific production, as those of Group III. Another central aspect to be noticed is that the majority of the countries of Group I also occupy the highest level of economic and social Distribution based on the world % of scientific production of each individual country considering the double counting of articles Actually the countries of Group I are among the most developed ones, thus indicating the importance of science as an instrument to improve and support social and economic welfare. As mentioned by Jefrey Wadworth (2014): ''Fortunately, there is ample historical evidence that research and innovation contribute, in the short and long terms, to prosperity and competitiveness, as well as to the resolution of society's greatest challenges in areas like health, energy and security''. Unfortunately this expectation seems not to be happing with countries that can only offer some desirable advantages for cooperation, such as huge and attractive biodiversity for instance. It is also true that the countries of Group I are investing the highest proportion of their GNP in R&D and also, at the same time, possess a comfortable condition of having high number of scientists and engineers (Table 3 ). In fact the countries of this group apply more than 0.8 % (average 2.0 %) of their GNP in S&T and, with exception of India, they possess a high proportion (average 3529) of scientists and engineers per million inhabitants. Putting together all the quantitative and qualitative indicators, the great majority of countries in Group I constitute a kind of first league of scientific development. Table 4 lists the 40 countries pertaining to Group II and shows their scientific output in the period 2010-2014. Together these countries produced 1,285,850 articles (14.2 % of the world's total) also covering all areas and scientific fields of knowledge. The scientific qualitative data of Group II is summarized in Table Table 4 , the International Collaboration Index (ICI) of these countries varies from 37.0 % (Serbia) to 87.2 % (Kenya), with an average (55.8 %) smaller than the world's average (60.2 %) but much smaller than that of Group III (85.2 %). Similarly to Group I, some countries of this group can also exert attractive influence for active international cooperation. Concerning to the Human Development Index, the countries of Group II present a HDI average of 0.782 varying from 0.504 (Nigeria) to 0.944 (Norway). Related to the percentage of GNP invested in R&D a mean index of 1.0 % was found for Group II countries. However one can see in the table that there is a great dispersion (range from 0.1 % for Indonesia to 4.2 %, Israel) of such indicator among the countries of this group. In fact about one third of these countries invest more than 1 % of their GNP in R&D. Actually these are the countries that share with others of Group I high social and economic standard of life, as also indicated by their HDI.
Besides the quantitative data presented by countries of Groups I and II, Tables 3 and 4 also show the qualitative indicators listed before. In addition, other important characteristics of the countries' indicators related to scientific production, such as the Human Development Index (HDI), the percentage of GNP applied to R&D and the proportion of scientists and engineers related to the size of population, are indicated in the tables. Thus, taken together the qualitative data of Groups I and II could result in another kind of raking (Table 5 ) when the Impact index is used in order to classify the countries. Concerning specially to impact, HDI, and other qualitative indicators, the ranking of countries in Groups I and II shows several changes in positions. In fact, some countries of Group II have qualitative data similar to those in Group I, while among the most productive countries several ones do not meet the same outstanding level of this group. This confirms the lack of correlation between number of publications and impact of articles (not shown). Such differences can be seen in Table 5 . Group III is composed of 153 countries (70.5 % of the total) each one publishing \0.1 % of the world's production, representing altogether 173,706 articles (1.9 %) of the world scientific output (Table 2) . In this group, 74 countries (48 %) produced together in the period 2010-2014 a sum of 9009 articles, about 0.1 % of the world's total (data not shown). In the 5 year period, 36 countries in this group published \100 articles each. On the other hand, a particular feature of Group III is the high percentage of international collaboration presented by most of its components. Among the 153 countries belonging to this group, only 15 countries had an international scientific collaboration of \65 % and none below 51 %. Therefore, an unexpected average of 85.2 % is found for the international collaboration indicator of the countries of this group (Table 2 ). In fact, the great majority of countries in Group III display much higher individual levels of international scientific collaboration than countries in groups I or II. As a consequence, the Impact index's average (4.8) of Group III is very close to the world's average (5.1) which is heavily influenced by this group of countries. Actually, as shown in Table 6 , several countries of this group have the highest values of scientific Impact among all countries. Considering this distortion, one should take into account as inadequate the usual comparison of country's impact versus the world impact. Table 6 lists 20 countries for which the Impact exceeds the world's average in values above 1.5 IRW, i.e. countries with Impact value of 8.0 or higher. As shown in the table, ten of these countries (Vatican, Bermuda, Iceland, Mozambique, Republic of Georgia, Equatorial Guinea, Gambia, Panama, Armenia and Monaco) belong to Group III (Table 2) , showing IRW values from 1.6 to 2.5. Actually, this group includes the five countries with the highest Impact in the world. Another feature of these ten countries is their very small number of publications: 14,537 articles altogether or \0.2 % of the world's total in the 5 years period, but with a very high Impact average (9.1). Additionally an extremely high international collaboration index (average of 88.2 %) is characteristic of these countries.
The distortions seen in Table 6 can be better stressed when comparing the Impact data of the countries related to their scientific production accounted area by area of the InCites Data Base. Table 7 illustrates a comparative data of the Impact values of articles published in the InCites' 22 areas of knowledge distributed by the different countries. It shows that the same distortions seen in Table 6 are even more expressive here. The table depicts the ten highest Impact values presented by countries relative to publications in each of the 22 areas. It can be seen that rarely any country of Groups I or II occupies higher places in this chart. In contrast, among the 220 positions existing in Table 7 
Concluding remarks
In this study, to our knowledge the first of its kind, we analyzed the effect of the unbalanced international collaboration as cause of misleading information on each country's contribution to the scientific world output. The influence of international collaboration on the scientific production of the 217 active countries of the world for the 5 years period, 2010-2014 was analyzed. The importance of international collaboration is highly appreciated and a ''Global Science Engagement'' has been recently suggested by Geraldine Richmond in Science (Richmond 2016) in order to confront world challenges. Several countries including South Korea, Australia, China, Taiwan, Iran, and others, have been exploring this idea, despite they have started financing science research much later than the traditional countries. However, this encouragement towards collaboration implies the need for a more participative contribution of all partners in confronting challenges such as food quality, water disposition, healthy insurance, energy supply and security, all kinds of world problems requiring a scientific approach to be solved. In fact, as suggested by the Australians (Australian Academy of Science 2010, page 2), it must be assumed by the countries that ''to meet national needs and assist national ambitious it requires increased strategic focus and commensurate support''. This applies especially to the less developed countries as seen with the BRICS, for instance (Finardi 2015) .
In this work we show how International Collaboration implicates in a high percentage (ca 33 %) of double-counted world articles thus impacting several qualitative data such as citations, the scientific Impact and the Impact Relative to World (IRW). In addition we explore the possible influence of some indirect indicators such as the Human Development Index (HDI), as they relate to the scientific qualifications of the countries. The main concern raised is relative to the countries of Group III. From the analysis of the indicators presented here it can be concluded that the scientific output of the countries in Group III, represented by articles produced by themselves or in symmetric or balanced international collaboration, is highly insignificant. The great number of countries in this group (70.5 % of the whole world) is characterized by a very poor contribution to the world scientific production, though associated to an extraordinary high proportion of international collaboration, resulting in a distortive proportion of artificially qualified articles. In fact it can be assumed that most countries of Group III, as well as some ones in Group II, particularly due to the small size of their scientific community may function more passively in such collaborative effort. Collaborations in such cases appear to happen because of the existence of some unique and attractive subjects to be scientifically explored, usually restricted to some specific fields of research, very particular of these countries.
The very small number of individual articles of these countries are usually published with highly productive authors from the most developed countries, which in turn receive a great number of citations. Several authors confirmed this. As a consequence, these countries show high scientific Impact for their few publications ( Table 2) . Because of the large number of the countries in Group III, a distortion on the average Impact of the whole world is seen. Actually, this level of distortion is even more evident when analyzing individual areas and scientific fields (Tables 6 and 7 ). In contrast, Tables 3 and 4 show that 14 out of 64 countries, of which only 4 are in Group I (Switzerland, Sweden, Belgium and Denmark) and 10 others ones in Group II (Austria, Hong Kong, Saudi Arabia, Chile, Colombia, Vietnam, Estonia, Morocco, Indonesia and Kenya) show International Collaboration Index (ICI) above 60 % with mean averages for the groups of 43.0 and 55.8 %, respectively. For comparison, the great majority of countries of Group III present very high ICI, with an average of 85.2 %, thus revealing their high proportion of double-counted data. On the other hand, these countries producing very small number of articles have the greatest individual scientific Impact, resulting from intense International Collaboration, usually with the most developed countries, which implies that the articles originated from such collaboration usually receive a high number of citations. As indicated by Smith et al. 2014 , in general, independently of the number of publications, high levels of international collaboration usually produce better journal placement and great number of citations and thus higher Impact. When applied to countries with very small number of publications, this trend induces a biased view of the country's productivity and of its own qualitative contribution to the world production. In a recent review, Tahamtan et al. (2016) analyzing the factors which affect scientific citations, found that, besides other factors, ''authors' reputation, authors' academic rank and international cooperation are stronger predictors for citations''.
Thus, concerning international attraction for cooperation, here again, the observations made by the Australians for themselves (Australian Academy of Science 2010, page 12), can be applied to the poor countries, in that they should be ''more than a source of raw material or a convenient observation platform''. Such situation creates a biased view about their real scientific engagement in the effort to improve their development and to help solve the problems of their own countries. Accordingly it is observed that most of these countries present a very poor Human Development Index. Here, one relevant question concerns to the role of passive international cooperation: is it possible that the kind of non-symmetric collaboration exerted by the most developed countries, as seen in these numbers, be appropriate to help these passive countries to overcome their challenges and to create any scientific, social or economic progress? Although UNESCO (UNESCO Science Report 2010) considers the rise of international cooperation as linked to the increasing research capacity of developing countries, this assumption seems not to be the case for these countries. Inversely of what is being done, these countries should take into account that a minimal level of autonomous research is the key base for aspiring future prosperity. Several authors (Bozeman and Corley 2004; Van Raan 1998; May 1997; King 2004 ) suggest a similar conception.
From the above analysis it is assumed that very high levels of international collaboration, as presented by many countries, deceives the bibliometric indicators regarding the importance of their scientific production and jeopardizes their qualitative outputs. In fact these misleading data distort the analysis of the qualitative output of these countries, artificially increasing the scientific Impact of many of them, and also affecting the Impact of scientific fields of research in which they engage. Thus, it is concluded that when dealing with the qualitative contribution of countries to the world output, one must take in consideration the level of international cooperation because as seen here it can and in fact it does create false impression of the real contribution of countries to their own development.
